ynd

{2saust auys a¢ 2jo0¢ ‘83 sopen’y

- 1o sunwnda] ‘esa 1Rl NP
: Oy pABPSIRs B ABw 4] POsIWI(UN
Tt ROMNAIGH 138 §O LOLINGILIS IO

E!
o NS

m. em,oax% @
EnuElOAN
n\nU D D

Aedyssag ‘v "A

£g

0,00L°2 OL 02 LV SXOTT¥
HIZHL ANV ‘WNIHOIN ‘WNNAAGATIOW
‘NILSHNOL &0 ALIDILSY'IZ 40 SOILSINALOVHVYHD

NOISIAId ADOTONH)ITL NSIFHOL

010% 020V

m

69~50€ € 2~LH-QLd

Rt sl " Y

1S1ZZ "eA Proybuuds uonewsouf
[eMAPe) Y JHYUSDS [wIepe3 1]

ISNOHONIIVETD
Sy Aq peonposdey

B LS

e

SERSCIR S L TN 10 ri L O R ARSI Y

PIRHRRAN X X




. g e

—~ -

EDITED TRANSLATION

CHARACTERISTICS OF ELASTICITY OF TUNGSTEN,

MOLYBDEHUM,QNIOBIUM, AND THEIR ALLOYS AT
20 TO 2,700°C

By: V. A. Dreshpak

English Pages: §

Scurce: AN ULRR3SR. Dopovidi Seriya A. Flzyko-
Tekhnichni ta Matematychnl Nauky,
(Academy of Sciences of the Ukrainian
SSR. Reports. Serles A. Physical, Technical

and Mathematical Sciences), 1967, Nr. 10,
pp. 917-921

Translated Under: F336%7-70-D-0607

UR/OB41,/67,000/010

THIS TRAMSLATION 13 A RENDITION OF THE ORIGI.
HAL POREIGH TEXT WITHOUT ANY ANALYTICAL OR

HOITORIAL COMMENT. STATEMEXTS O THECZ!ES PREPARED BY:

AOVOCATED DI INPLIED ARE THOSE OF THE JOURCE

ANDDO MOT MECUSSARILY REFLECT THE FOSITION TRANILATION DIVISION

O OPINION OF THE FOREIGN TECHKDLOGY O FORRIGN TECHNOLOGY DIVISION
ViSION Wr.AFS, OWIO,

FID-HT- 23-305-69 Date_g marenl970




M e oy

CHARACTERISTICS OF ELASTICITY OF TUNGSTEN, MOLYE?%§UM, NIOBIUM, AND
THEIR ALLOYS AT 20 T0 =,700°%C

¥. A. Dreshpak

(Presented by G. S. Pisarenko, Academician of the
Academy of Sciences of the Ukrainian SSR)

Results of experimental moduli of elasticity of the
first and second kind for tungsten, molybdenum, niobium, and
thelr algoys are presented for a wide temperature range (up
to 2,707""C) in vacuum. These temperatures are considerably
higher than those at which these characteristics were deter-
mined hitherto.

With the dsvelcpment of new branches of technology and the rise
in the magnitude of the working parameters of contemporary machines,
the study of the elastic characteristies of high-melting materials
used in construction is btecoming important.

In the Strength of Waterials Institute c¢f the Ukrainian SSR
Academy of Sciences, a method was developed and s device was non-
structed, the UP-6, that uses the dynamic method of resonance
frequency of lateral and rotational vibration to determine Young's
modulus and the shear modulu. of high-melting materials in a range
of temperatures from 20 to 2,700°C [1].

This aptlcle presents results of research on the elasticity
modull of tungsten, molybdenum, niobium, and their alloyvs.

Footnote No. 1 may be found on page 7.
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vigure 1
. . o
E, kg/em® ° 196 - The samples (W, Mo, and their
i * alloys) for the tests were prepared
49 t:hqt\\ “é from rods cf the mmetal which were
& W ‘g smelted in a vacuum-are furnace
ﬁ with a consumable electrode. Then
© the ingots were heated to 1,400 to
12 1 1,600°C and subject to plastic de-
O,
Py € formation in several stages (total
deformation 60 - B0%) with eac .
i Jus subsequent remelting.
?»‘, i % g
- ) Atemic % Mo
gure In Pigure 1, the temperature

aependence of Young's modulus and
shear modulus of tungsten, moiypdenum, and alloys of tungsten
regpectively, are 5.2, 20.8, 39.5, and 79.5% molvbdenum are presented.

Experlmeits at standard tempersture have sheown that value size of
the elasticity modeius 18 proporticnal to the percentage content ¢ -
tungsten in the alluny {Flgure 2).

The linear dependence of Young's mo*ull o the component content
in these alloys 1s explalned by the fact tnat, since tungsten and
molybdenum have the same structure of their crystal lattlices (the

FlO=liT=23~305=06 2
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difference in the paramet._.s is only 0.57%), they cun form an uninter-
rupted servies of scild solutions,.

3

The temperature dependenceg of Young's modulus for tungsten, molyb-
denum, and their ailoys form @ declining curve. At a temperature of
about 0.5 Tmelt’ Young's modulus begins to change more intensely.

The shear modulus varles less rapidiy with the temperature chanse,

The temperature dependence curve of Young's modulus clearly shows
two different rates of change of the decreasing modulns, with a more
rapid slope appearing around 1600°C,

The temperature dependences of elasticity moduil for other metals,
determined by a resonance method, usually have a similar pattern -=-
the curve beginsg $o slope more rapidly at ahbout 0.5 Tmelt [21.

The above mentioned changes of slope are probably caused either by
a change in the interatomic bond forces in the crystal lattices or by
the relaxation processes which may take place during loading of the
material in a certain temperature range.

Keeping these assumptions 1n ..ind, we may expect a less rapild
change of the modulil during their measuring at higher frequencles,
since under those conditions the effect of the rel-.ation processes is
less noticeeble. This reasoning can be demonstrated by a comparison
of the temperature dependence of Young's modulus, obtained by us by a
resonance method {(frequency about 5 kHz), with the séme Aependence ob-
tained by neans of a pulse methoa (frequency about 5MHz) [3]. The
temperature dependence obtained at higher frequencies does not have
the characteristic change of slovoe at about 0.5 Tmelt' although it 1is
curvilinear as a whole (Figure 3)., Therefore, the assumption that the
relaxation processes taking place in materials at temporatures about
0.5 Tmeln definitely affect their elasticity shouid be considered as

more credible.

Hiobium distinguishes itself from other refractory metals by a
serics of special properties. A relatively low specific gravity, sat-
isfactory formab'lity and machinability, and also high strength and

FTD-HT=23-305-69 3
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Figure 3

plasticity 1in a broad range of temperatures, make it possible to con-
glder this metal as a construction material.

Among the faults of niobium, one should mention its tendency
toward intense oxidauvion at higher temperatures. However, there are
reasons to believe that alloys of nlobium will not have these faults.

According to [2, 4] Young's modulus for niobium at room tempera-
ture is (1.06 to 1.6) - 106 kg/cmz, and the shear modulus 1is (3.8 to
8.82) - 1¢° kg/cmz. Such a divergence is due to the fact that various
researchers usad metal of varying degrees of purity. It 1s also the
recult of methodologlcui pecullarities of various experim:onts.

Keeping in mind the aforementioned facts, and also the limited
temperature range of previous ~xperiments, we determined Young's modu-
lus and shear modulus for nioblum by electrrn-beam fusion at tempera-
tures from 20 to .,200°C {(Figure 4),
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The moduli of elasticity of niobium, In contrast to other metals,
hardly change until 1,400°C, Some decrease of Young's modulus is no.-
iced in the Interval between 300 and 500°C; thereafter, the modulus
assumes its previous magnitude. Beginning at 1,400°C, Young's modulus
slowly decreases. The nature of this anomaly has not yet been fully
explained. There are assumptions [4] that a similar phenomenon is
connected with the presence of impurities in ni~biun (usua’ly oxygen)
which at higher tempepratures form so0lid solutions strengthening the
interatomic bonds of niobium. This 1s confirmed by the sclubility of
oxygen in niobium in the solid state,

Oxygen has a similar influence on titanium and the analnre of
niobium, tantalum. At an oxygen content of 0.1 at. % the modulus
of elasticity of tantalium at room temperature is 1.8 - 106 kg/cma. As
the oxygen content increases to 2.5%, it becomes 2.0 ° 106 kg/cmz; the
shear modulus of technically pure tantalum at standard temperature is

o ¢
3.84 * 10’ kg/cma, and an admixture of 4.5% oxygen raises this modulus
to 4.5 * 10° kg/cem?.

According to the data of M. G. Lozinskly and 0. Ye. Fedorovskiy
(2], the logarithmic zurve of the decrement of vibration damping in
niobium has a maximum near 300°C, which indicates processes of pene-
tration of atoms cof impurities Into the crystalline lattices at that
temperature. At a temperature of 400 to 500°C, in niobium there takes
place a deccmposition of & solid solution of nitrogen, and this causes

the maximum of the logarithmic decrement of vibration damping and
Young''s modulus to decrease.

In tne study of complex niocbium allioys, there 18 a gresat interest
in the study of the influence of admixtures on the magnitudc of atomle
interaction in solids. We have studied the elasticity characteristics
~f the following alloys based on nicbium:

No -- 4.35 Mo -~ 0.01Cr; Nb -- 14¥W -~ Mo and
N -- 14N -- Mo -- O.83HIC.

FTD-HT-2 3-305-069 5
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The alloys wefe obtalned by a double electron-beam remelting of
sintered rods in a vecuum, Ingots, 50 mm in diameter, were forged at
1200°C into bars. Owing to the small deformation (60%), full recrys-
tallizavion did not take place, and the original c¢rystalline structure
was preserved.

The temperature dependences of Young's and shear moduli for the
alloys at 2C - 2400°C are shown in Figure 4,

The addition of tungsten and molybdenum to niocbium increases its
modulus of elasticity, but hafniumcarbdide slightly decreases it. Due
to a high niobium content in the investigated alluys, the changes in
the elasticity characteristics occurring in the niobium allnve with
increasing temperature were similar to those taking place in pure
niobium.
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The article presents the results of experiments determine the
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city and rigldity of specimens prepared from the ingcts were deter-
mined by means of & iynamic methnd using 8 resonant frequency of the
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molybdenum alloys decreased with increasi temperature, The maodulus

of elasticity and rigidity of nicbium remained practically constant
to ahout 1400 degrees centigrade Weyond which they began tc lecreas:
with increasing temperature, Alloying with tungsten and mclybaenus
increased the medulus ¢f elasticity and rigliity of niobinm alloys.
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